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(57) Abstract: A system and method are disclosed for dynamically 
sizing sectors of a multi-sectored radiation pattern. The disclosed in- 
vention teaches the use of multiple narrow beams composited to form 
a radiation pattern. Signals associated with each such narrow beam 
may be provided to inputs of a scan receiver or signaling radio which 
inputs are associated with a particular sector of the radiation pattern. 
The number of narrow beam signals provided inputs associated with 
a particular sector defines the azimuthal width of the sector. By alter- 
ing the number of narrow beam signals provided each such input, the 
azimuthal width of the sectors may be adjusted. The disclosed inven- 
tion also teaches the use of attenuators in the signal path between the 
narrow beams and the scan receiver or signaling radio. By adjusting 
these attenuators, the effective length of the sectors may be adjusted. 
Alternatively, adaptive arrays may be utilized to form radiation pat- 
terns, for which the azimuthal width and length of a sector may be 
adjusted by way of adjustments of the relative amplitude and phase 
of signals at antennas of a phased array adaptively controlled accord- 
ing to communication parameters such as information indicating the 
quality of the communication channel on that sector or the number of 
calls serviced in particular sectors. 
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ANTENNA DEPLOYMENT SECTOR 
CELL SHAPING SYSTEM AND METHOD 

RELATED APPLICATIONS 
The present application is a continuation-in-part of co-pending, commonly assigned, 
U.S. Patent Application/Serial No.08/924,285, entitled "ANTENNA DEPLOYMENT 
SECTOR CELL SHAPING SYSTEM", filed September 5, 1997, which is a continuation-in- 
part of co-pending, commonly assigned, U.S. Patent Application, Serial No. 08/786,725, now 
issued as U.S. Patent No. 5,889,494, entitled "ANTENNA DEPLOYMENT SECTOR CELL 
SHAPING SYSTEM AND METHOD", filed January 27, 1997, which applications are hereby 
incorporated by reference. Reference is also hereby made to U.S. Patent Application, Serial 
No. 09/280,307 entitled "SYSTEM AND METHOD FOR IMPROVED TRUNKING 
EFFICIENCY THROUGH SECTOR OVERLAP", the disclosure of which is incorporated 
herein by reference. Reference is also hereby made to the following co-pending and 
commonly assigned U.S. Patent applications: APPARATUS, SYSTEMS AND METHODS 
FOR MULTIPLE ANTENNA TRANSMISSION IN WIRELESS COMMUNICATIONS 
SYSTEMS, Serial No. 08/520,316, now issued as U.S. Patent No. 5,648,968; METHOD AND 
APPARATUS FOR IMPROVED CONTROL OVER CELLULAR SYSTEMS, Serial No. 
08/582,525, now issued as U.S. Patent No. 5,884,147; and SYSTEM AND METHOD FOR 
CELLULAR BEAM SPECTRUM MANAGEMENT, Serial No. 08/651,981, now issued as 
U.S. Patent No. 5,745,841; the disclosures of which are hereby incorporated herein by 
reference.. 
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TECHNICAL FIELD 

This invention relates to cellular antennas and more particularly to a system and method 
for providing flexible sector shaping within a multiple sector cell, including both the ability to 
adjust the sector's length, as referenced in the direction of propagation of the radiation, as well 
as its width, as referenced azimuthally. 
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, , . * .; BACKGROUND ,; 

■ • ; . As cellular- communications become more widely used, the: number of individual, users . 
and calls multiplies. -Increase in- cellular communications utilization magnifies the: opportunity 
for interference between the different users on the cellular system.; Such interference's * 
inevitable because of the large number of users and the finite number of cellular v 
communications cells and CDMA code channels which ar.e; available - 

This invention applies to Code Division Multiple. Access (CDMA) system, where the . 
users, would.be separated from one another, either using different r codeS; and/or different- time; 
delays of the sairie code, while utilizing the same frequency band. iBecause: of this use .of the : 
same frequency band, therS is a potential, as the system becomes loaded with a large number of 
usersyof heavy traffic interference between one user and another limiting the capacity of the . ; 
systems ; The corriparablelsystem for analdg would' have users separated, on different * X S- / . " 
frequencies with reuse of the same, frequencies provided for with a guard distance or guard ,7 
zone (retire; distanced between points in. which the same, frequencies are. used again, t There ,are 
certain problems that are inherent to CDMA rietwdrks including interference from one cell'to 
another^ since typically eVery cfell reuses the same frequency: :The:forward link at any r , 
particular Mobile's Ideation may receive interference from a;riumber of cells; Some of those * : 
would b6 "desired cells that the rnobile would .he anrhandoff with: .Others would -be cells that; the 
mobile could not be m handoff with> but thaV^wduld interfere withrthe sign that the mobile , 
was receiving. An analogous 1 problem happens on the reverse link; where a cell site would 
receive signals from a "number of mobiles; the desired mobiles that are within the coverage area 
of that sector, as well as mobiles that are being served by other, cells, that interference would 
limit the capacity df k givert sector.' ^ 1 

h * To reduce the r interference jfroblems caused by other users in the omni cell 360° 
configuration^ cells have been ' broken "down into? 120° sectors such that each channel available 
at the cell only communicates in an area of 120° radial coverage about the cell. An advantage, 
in addition to the reduction of interference realized by the sector system, is that such a cell 
achieves extended range as compiled to an* omni cell 360° system simply due to,the ability to i 
focus a. greater signal gain on the antennas. Individual cells may then cover a larger area, and 
communications signals may be strongenwithin the cell, a .* : *r * . ^ . >- .-. 

It shallhe appreciated ^that loadingiof r sectors : is Ipftsn cyclic t3rdynami r c:in:haWi:e .rather 
than constant. For example; during:certainitimes;of ; day,,sbGh as business commuting times, a. 
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particular sector, such as a sector encQrhpassinglan^urban highway, may service more users 
than* during iOiher times *of day : Therefore, during- particular times a particular sector or sectors 
may require increased -capacity in order to service all users whereas .at other-times .the; cell's * 
capacity might he .better utilized when spread more homogeneously; throughout the cell's ■ : 
coverage area. 1 "* r ■ 

It would, therefore, be: advantageous to make more efficient use of cellular capacity by 
being able to make sectors dynamically shapable in. ordei;,t.o provide increasedxapacity to a 
particular area within the Gell'sTadiatf on pattenxby making more channels potentially available 
to that particular^ area;- -Ideally;; the shapable sectors will be composed of narrow, beams . so as : to 
provide a. convenient means by which sectors may be sized jadiajly about the cell. Systems . .; 
implementing such narrow beams-are described in U. S. Patent. Number 5,563,610, entitle^ • 
"NARROW BEAM ANTENNA SYSTEM WITH ANGULAR DIVERSITY," incorporated v; 
herein by reference, and the associated above-referenced. GQrpending aiid commonly assignor: 
continuatioh,in,part U. Sv Patent .-application entitled /'APPAI^TH^ AND ; - • ,: ^ 

METHODS EOR MULTIPLE ANTENN A TRANSMISSION S WIRELESS - : c ,: ; : : 
COMMUNICATIONS <S YSTEMS:" Management of such a^ system,: including concurrent ; r i 
beam-and channel managementrwithin a neighborhood of cells, is, disclosed in the : aboye j.; ;^ ■ 
referenced* copending and comnionly ^assighed H S. ;Rateni$ : application jentitled "METHOD^* v 
AND APPARATUS FOR^IMPROVED CONTROL OVER CELLUbAR SYSTEMS." : -'i*..;. 

1 Another problem in the art is that in a cellular system, Communications are^typically c - 
mobile^often in vehicles traveling at considerable speeds Such* mobile communication .devices - 
tend to travel through the various sectors and/or cells of ^.cellular system, thereby .continuously; 
effecting signal quality as fringe or shadow areas are entered and exited. These effects of; *\r*:M 
signal quality are not limited to-the mobile communication device itself, but also effect other 
communication devices operating in the area. For example* a , communication device .operating 
in one cell, although experiencing acceptable signal quality itself, may in fact be causing 
interference for another communication device. Such interference may be in the. form of 
frequency reuse interference, near/far problems, increased energy density and the like. 
Therefore, it is desirable to provide a means by which such a communicaticm device may be 
handed off to another sector or cell, although its communication par^eters r do not [necessitate 
the feandoff,:in 'order ;to betrer serye aribther^communication devifce; ; Likewise, such a ^ .: . 
communication idevice may: be experiencingxommunication;of a quality sp as to be within 
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acceptable parameters although commuiiicatioh of a better quality may be had through an 
adjdceilt sector or cell. 

' i - One benefit or use of this changirig of the sector size would be to lo^balarice-the 

• traffic among the sectors of a cell or sectors of adjacent cells. A particular example would be a 
case Where one sector wastt a capacity limit, such as either-running out of transmit power or 
being unable to support any additional users. Other sectors 6nthat cell may have additional 
capacity to spare, by rotating the orientation of the sectors anW changing sector widths such 

■ ai" by mapping sectors to beams in a more optimum way, could equalize the load'across the 
sectors and alleviate the overload condition on the sector that previously had reached a capacity 

fimit. * " 

' Recognizing the mobility of colrirnunicaiions and the attendant c6mmuhication quality 

^ issu^^efeforerit wo^ld also be ^v^ntagfeoui to be able to dynamically shape *ectbrs4n then- 
longitudinal, or outboard, reach from a cell site. Preferably, as it is determined that a ' 

■ ; " communication device causihg interference Mr anomer cornmuhication devide or as it is 
determined thattnis communication ^m^M&mbe^ ^cmf^m sector or cell, 

th e shape of me^^^ t0 * 

: ; han<i6ff of^ ariomer Sector or cell. Likewise, where capacity 

remains in a sector of any adjacent cell, the sector at capacity could reduce its area of influence 
; smiUlta^busly withtbe adjacent Sector increasing its area of influence, in order to provide 
additional capacity within the area originally serviced by the sector that previously had reached 

* a' "capacity limit. Id^y?&aon^dirial' : *ape of sectors will be accomplished thrbtigh the 

: use of attenuators in the receive signarpath afid equivalent gain adjustments of transmit power 
1 in^the transmit path. 

*<' A need therkfore , exists iW the a* for a system and method for dynamically adjusting the 
shape of cell sectors to provide for : gr^trunking efficiency and the ability to serve more 
users. Moreover, a need in the art exists for such a system to provide azimuthal as well as 
1 longitudinal shaping of the sectors. 
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ST TMMARY OF THE INVENTION ; . 
In a preferred embodiment, the present invention uses a multiple narrow fo^am antenna 
-system tp.prgvide dynamically shapable, sectors within a cell. By dynamically, shaping the 
various-sectors of a cell, problems of interference, such as frequency reuse interference pr 
- interference due to decreased carrier to noise ratio and the like, as well as channel depletion 
within a sector that attend /the 3-sector system in wide use today may be addressed. . 
... Furthermore, through the use of dynamic sector shaping, the present invention provides the 
technical advantage: of both increasing the ; number of u?ers in a particular are^ which may be 
- vr - ^seryiQed by a cell as well as decreasing the interference to other cell?, . . ;r : , . 

Although any number of beams may be used in accordance with the principles of the 
' present invention, a preferred embodiment uses 12 such beams. In o$ei; to provide 360° 
' ■• r -coverage radially about the antenna systern : utilizing 12 beam§ 5j each beam is adapted to provide 
approximately 30° azimuthal coverage. r ::; £ :1 f/ ^ . /. h . ; :> ; f; ,-. ir; ,. r , o; 

: .pyn^ic^sigrm in. disability 

j : v to adjusMlxe sector's widths tas referenped^in^^th Epr example, assigning ,2, pf tfce^. 
- , aforementioned - 
Likewise, assigning, 6 pf the aforei^ention^ sec^or;,hayjng a 

... ^...ISp^ radiatipnp^e^^j- j .^<:j—^ , r : - ; /-j>> ; ■ ■■■ ■■ ,-v.. : , \ 7 . v >-r - v.n'. 

- By dynamicaUy shaping^^^ 
- : -sectors duringx^rtain times of the day as utilizatiop demands^ £<xordingly, in a^jyi^ 

rj system,; energy associated with a particular CDMA code channel may be substantially, isplated 
to a particular sector in which an associated mobile is operating, Thus,.energy may be; .^educed 
in other sectors allowing for the use of additional CDMA code channels in those, septprs before 
the interference power level is such that a capacity jirnit is Reached. Therefore, it will be 
appreciate^ that a technical advantage of the present invention is , to provide for greater trunking 
efficiency and the ability to serverpiore users. . p 

In the preferred embodiment, the dynamic assignment of beams to cell sectors pf the 
present invention is accomplished through the use of a switch matrix, or other means by which 
a signal path may be discontinued, associated with each beam. Each such means may be 
adjusted to provide a signal from its associated beam to any input of a base transceiver station 
(BTS) demodulation receiver (demodulation Rx). 
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- In an ^alternative embodiment j the sectors of a multi-sectored cell maybe dynamically 
sized by using adaptive array circuitry m combination with or in place of the above-mentioned 
" multiple beariv antenna circuitry. The adaptive array circuitry may be utilized:Co [dynamically 

form radiation patterns for which the aziniuthal; width and. length of a ^sector may be adjusted to 
fc prbvide the desired coverage and quality of signals by providing a desired phase and/of 
amplitude differential at antenna elements of an antenna array*.with respect to asignal radiated 
by these elements. Thus, by adjusting the relative amplitude* and/dnphase of a sector signal as 
'■provided to antenna elements of a cell site antenna array, the azimuth; of a sector that Is not 
; being utilized' to full capacity : may be increased, for example. Accordingly* a communication 
"" { ' ] device in another full sector may be provided with capacity from the azimuthally adjusted 
sector. Similarly, by forcing a hand off of a communication device from an;Otherwise full 
" keciorto another' sec tbf 6ucH as by decreasing the size of a sector radiation pattern currently 
:; sefv^ thereby exelude:*he communication device from the 

' ' ^adjusted sector^ signal* qilklity hiay J lfe : ifierd^^>*sucfacai^n.:ai^ interference- limited ;CPMA 
syistferriV Thus, if a ! ^corhii^nicatioh device is experiencing ipoor sigirahquality is causing 
C i iMeifererice w^ L *aSi6lJiCT : coittiri^nibatibn'^device^then if may: be handed off to-an adjacent 
• ^fcd^r^S^u^ng ^ li / ■ .-: 'i , . -?i j 

In a preferred embodiment of the present invention; attenuators are:utilized to control 
:;: Signal amipiitude as provided to4hputs : associated with the; aforementioned demodulation Rx. 

Sueh attenuatOTs ril^y be'iricluded between the outputof switch matrixes used to adjust-signal 
" paths and'the inptfts to the "demodulation Rx, or may in fact replace the switch matrixes -in 
- :i ^rbvidfing the ability to 'yisbohtiriue the path of a particular signal to a particular input of the 
ciemodulatibn RxJ . v<^ r r ; ^ 

r Xtt'enxiators may Be iitilized -t6 J adjust the magnitude of the transmit signal to the mobile. 
Such adjusting results in the mobile receiving a lower power signal than would otherwise be 
transmitted, and this lower level signal is used to essentially fool the mobile into requesting a 
handoff to an adjacent sector or cell. Such artificially forced handing off of communications 
may be useful in providing capacity for another communication device in an otherwise full 
'sector tiy^hahding off a communication device capable of communicating through an adjacent 
: sectoir dftell. -Siimlariy^the handing off may beruseful in- increasing signal quajity^by handing 
: off a 'CoiMiuriicatidn that, although l the sigfiat quaKty/is within acceptably 3imit^iSi.causing 
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. interference ito^ another communication device eras itself experiencing poorer signal quality 
r ; than would available: at an adjacent, sector or cell. . ^ . , 

, ' r Moreover, provision of the aforementioned attenuators ..results in. a technical, advantage 
* in the ability to adjust the sector's effective outboard reach or length, as referenced in the 
direction of propagation of the r^diatipjiv It shall be appreciated that reduction of the size of the 
: sector thereby decreases >the- amount of interference sent into adjacent cells as communication 
devices operating withinthe adjusted sector are limited in the distance from the center of the 
:xell thatthey may operates As a result, the -adjacent cells may^open up ^eii; sector^ into, larger 
: areaslo~sen'e more customers, thus a system qf cells utilizing the present invention; may be 
used to provide increased signal quality; as well as increased capacity without increasing the 
'i-number-.of'channels'available at each celt. :..<;.'. I - . r : ,, ; ,; v; - fl • ■ - . 
r i : ; Alternatively,, adapti ve array, circuitry may-be used in addition £ojdt, in place^of jdie 
attenuators to adjust the magnimde^oftKe^ransgiit signaj ,tq : the •mpbile.jaiid. thereby. pTOyide 
» capkeity for another: cominunication d^ full sector. Jliis .may be 

>,ia^cdmpiishe:d:by , fdrcing: a hand ;6ff a .communication device, capable of communic^ipjg 
-through, an adjacent sector or^ceU. - Attenuatorsjn the, adaptive array .may, he used ,to.provide 
attenuation for longitudinal reackin laddit^ 
:• patterns formed withthe adaptive array circuitry/; - > ;,.<-<n\V , Ire V: v ■ ' :j .-l 

;>o,;;- ; One technical advantage of the above approaches specific to. CDMA; is realized due to 
s the fact ihaUhe mobile receiver unit has a fixed -finite number of r deinodulatprs, allowing it to 
communicate with a finite number of cells at a given time. In a deployed- CDMA network 
there will generally be locations where a large number^ of cells or sectors on ;the fonvard link 
will have strong signals present at the mobile. In situations such as this, if the number qf 
signals that are present at the mobile exceed the number of receiver modules, that are built into 
the mobile, the mobile will experience interference from : the r sectors that it is not able to assign 
a demodulation receiver to. The shaping mechanism for the cell of the present invention 
would allow system operators to reduce the number of servers to a giveamobile to match, or 
more nearly match, the number of demodulation receivers that are in the mobile, reducing the 
overall interference. Another technical advantage , of the present invention is realized in.how 
CDMA systems originate a: call tea mobile- to the land iin^ide of the netwprk pr-yice 
versa.-The origiriatip^ or access process/ gene^allyHakes place witb t tb?- mobile t coiran\inicating 
with one cell site, rather than multiple cell sites. In this situation, it is preferable to have one 
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single dominant server, or one strong cell or sector able to serve the mobile. The ability to 
shape' trie coverage of particular cells of the present invention allows service^roviders to have 
a higher probability of providing a dominant seiver at any givfen location tb^poft these call 
originations. 

A still further technical advantage of the present invehtioh;>that would apply both to 
analog and to CDMA digital systems, is the ability to target specific coverage areas, such as 
office buildings, sport stadiums; and the like, where -large numbers of users areHikely to be 
» congregating. Targeting coverage could be done for particular periods of time and then 
: - recbrifigured at other times. 

Another example of concentrating the coverage would be to adjust the beam'td sector 
mapping such that the overall coverage of a cell was less^than 360°. So as to provide all of the 
• - capacity for a given cell income azimuth angle exteht that was less than 360°, for example, a 
sport stadium or some other hot spot of traffic. 

■ . Trie foregoing' has outlined rather broadly the features and technical advantages of the 
1 ^present invention m o^ 

better understood. Additional features M aff*^ ! ^ invention wiir be ; described : 
liefdmafter wlrictf fonntiie subje^ of the Claims 6£the invention. Itshouldbe appreciated by 
: ; mose skilled in tl»e art that me cbnceptiori and the : Specific embodiment disclosed may be 
readily utilized as a basis for modi^g ^r : de S igiuAr^' for dairying out the- same 
purposes of the present invention. ; It should also ^be realized by those skilled in the art that such 
equivalent constructions do not depart from the spirit and scope of the invention as 'set forth in 
hiie appended claims. 
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; , . BRIEF DESCRIPTION OF THE DRAWINGS 

, : , }: . Foiva more. complete understanding ;i of the present invention, and the advantages 
*. thereof (reference is now made to the : foljowjng descriptions taken in conjunction with; the 
accompanying drawings, in which: 

FIGURE 1 J± illustrates, a typical prior art omni -cell grange; 
FIGURE 1 : B illustrates^ typical prior art sectored qell arrangement; 
: FIGURE 2, illustrates a multi-beam cell utilized by the present. invention; , 
:r FIGURE^ A illustrates a block diagram of a communication system wherein multiple 
beams are combined to provide various sector sizes according to ^ preferred, embodiment of the 
;.. present invention;*, .7 *, .*./> r ;i ; iT , ; -~ 

< FJlGURE 3B illustrates a block diagram of the combining of ^ultiple beams.for the 
• ^forward link:pf a cell site transmitter to match .the various septqr sizes, of the system illustrated 

in FIGURE 3A; .*>l.nrx V> ■? \i '.^M: ■? ar.a r- • — 

. , FIGURE; 4A illustrates^ 
;; wherein multiple, beafcs are dynamically- c,Qmb^ sizes according 

to a preferred; embodiment o5&^ A /jc^vsb.r. ^rr*,. 

; s FIGURE 4B: illustrates <a-for>vard .link blopk diagram.of a^coipmjinte^ 
wherein multiple^ provide selectable .sectpr sizes, according 

it . to a prefeiT^ em^ ^ r- , : . ..i .1, • - . : - > 

r : - FIGURE 4C illustrates an alternative arrapgement of delays in the forward link.of 

-FIGURE 4B; ■ - v - - r. - , * ;: o' - ;.; -v . . _ . ^-. Vl , p . 

FIGURE 5 illustrates a block diagram of a communication system: wherein, signals 
associated with multiple beams may be dynamically attenuated and combined to provide 
selectable sector sizing according to a preferred embodiment of the present invention; 

FIGURE 6 illustrates a block diagram of a communication system wherein particular 
signals of interest may be dynamically routed and attenuated to provide selectable sector sizing 
according to a preferred embodiment of the present invention; and 

FIGURES 7A and 7B illustrate block diagrams of a communication system wherein an 
adaptive array circuitry may be used to provide selectable sector sizing according to an 
alternative embodiment of the present invention. 
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" DFTATTcHD DFSCRIPTION / ■■ >' 

The present invention provides' a system and method for dynamicaliy~shaping sectors 
within' a celi'PPreferably; the shapabYe sectors will be composed of narrow; beams- so r as to 
provide a convenient means by which sectors may be sized azimuthally. Such multiple beams 
may be provided by either a single multi-bearh aiiteiina'-or a plurality of co-located discrete 

'antennas. • ~ 

To enable a better understanding of the advantages oftheipresent invention, a brief 
description of some relevant prior art is included hereinafter. .Directing^attentionno FIGURE 
1 A, a typical prior art cellular pattern is illustrated by communication arrays 121 through 123 
- - disposed to cornmuriicatfe in prbdefihed^areas, or "cells," illustrated as cells 101 through 103. 

* These cells are ornhi directional cell sites as the signal can be utilized in an entire 360° radius 

1 * abaut the cell site. • : 
v : .: c v.. - As illustrated, a Cell footprint is -fixed by its forward channel radiated power, illustrated 
•here as radius r. As can bW seen by areas'l Yl throUghanG, there is some-overlap, between the 
• radiation patterns ofarrays ^21' mrbugh 123 in order to provide 4^ 
coverage within the cells. 
?lsx < ■ ■ =:.•;• The overlapping area! of commuriication coverage .cause the potential for interference 
■ v ' between communication devices operating; withni the' cells:. ^Therefbre/interference, such as 

• frequency reuse ihterference, is likely to be experienced when a communication device is 
operating within or near the area of overlap as the" energy of the cell in which the mobile is 

■ -- c16mrnunicating and that' of the adjacent cell are combined asthe interference power level. 

- ! A prior art solutibrito tm^ prohleriih'as been to implement a sectored cell arrangement 
< ■ as is illustrated in FIGURE^ In this arrangement a single communication array provides 

communication in several 'defined sectors: For example, communications arrays 150, 160, and 
170 are adapted to provide mre^discrete radiation patterns in predefined areas, or "sectors," 
illustrated as sectors 151 through 153, 161 through 163, and 171 through 173 respectively. 
The cells defined by this system are sector cell sites wherein the interference power level is 
' distributed among the sectors. 

- Directing attention to FIGURE 2, a multi-beam cell site utilized by the preferred ! 
embodimenW the present invention is-ilhastrated. Here 360° communication about cell site 

•i 200/ and Within cell Z6\-, i S <%mmi^WWmg multiple narrow, beams-illustrated as beams 
' 210 through 2-2 1 . • Systems implementing sWhaarrowib earns arevdescribed in U: S; Patent 
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Number 5,563,610, entitled "NARROW BE^j^TElW^ SYSTEM WITH ANGULAR 
DIYERSIT>ii" .and the associated co-pending and commonly assigned .continuation-in-part U. 
; S. Patent application entitled n APPARATUS, SYSTEMS AND METHODS FOR MULTIPLE 
. ANTENNA TRANSMISSION IN WIRELESS COMMUNICATIONS SYSTEMS," both of 
which have -been previously incorporated by, reference. r 

It shall be appreciated that, although a preferred embodiment includes twelve narrow 
beams, any 5 number;of;beams may be utilized according to the present invention. Of course, 
the number of beams, anclthus their azimuthal width, utilized by, the system Ayill directly 
■ impact t]i,e. minimum, .width of a sbapable sector achievable by Jhe present inventipn. . 

Taking: for example*he preferred embodiment wherein a twelve beam system is used, 
the azimuthal width of a single sector can be reduced to 60° xyhere a demodulation Rx having 
two inputs per sector is used. This sector size is accomplished by feeding; two. substantially 

■ non-overlapping;30° beams, instead of the signal provide^ by two substantially- overlapping 
1 antennas of the, prior-art,, ifltpxtbe ^gmpdulatipn Rx, for this partipular sector. The. same 

, .^imuthal; width might also be^ekcted .fo^ a second sector* leaving.the third .sector having, a 
width of 240°. ■ :. .' < : -r,^- < yA 

\ - ; : ■ Of course, the azimuthal wi.dfo^ reduced, to . 30° where a single 

30° beam is fed into the sector inputr;of t a ; 4.em9clulation Rx. ^Hcweyer,; the f advantages of signal 
diversity are sio\ realized in such a-sectpr<; Therefore, the preferred ^embodiment of the, present 
• invention- utilizes at least -two beams per sector.-' - • T *o r , ,-.. :;f 

=. FIGURE 3 A illustrates an implementation resulting in the above described three sector 
; , system, having two^60° sectors and one 240° sector. .With reference to FIGURE 3 A, 
demodulation Rx 300 is a typical prior art. CDMA demodulatipn radio having two inputs per 
sector. Here the inputs associated with a first sector^g identified as inputs 1., and 1 2 . 
Likewise, the inputs associated with a second and third sector are identified as inputs 2, and 2 2 
and 3, and 3 2 respectively. Therefore, where beams 1 through 12 are associated with a 12 
beam system, wherein each beam has a 30° azimuthal width such as illustrated in FIGURE 2, 
the sector sizing is as described above. Specifically, sector 1 having a 30° beam 1 and a 30° 
beam 2 associated with inputs 1 , and 1 2 provides a .60° sector. Similarly, sector 2 having a 30° 
beam : 3 and a 30 ° beam 4 associated with inputs 2 K and 2 2 provides a, 60-° sectpr r . :;i h - ^ 
r K ^r' t > >As;.demodulation Rx 300 only provides [two inpu^ per.sectpr^additipnal piipuitry is 

■ necessary i in; order to-ihput the plurality of ;beams remaining as. a third sector.--; In a preferred 
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embodiment, signal "combiners 350 and 35 .1 - are utilized to combine the sigfcaJs provided by the 
remaining- beams of the system into the proper ftumber of discrete signals kiiit^ble for input 
into the demodulation Rx utilized by the present invention. '-^b^oa ■•■ 

T Through the use of signal combiners, sector sizing is accomplished by summing , 
together the beam signals so as to increase the size of the sector signal provided to the 
°" demodulation Rtf; Of course, where a demodulation^ having^ sufficient number of inputs to 
accommodate Such a plurality of signals is utilized,, the usefof additionaheircuitry, such as 
combiners 350 ^nd 351, may be elittunated,.if desired. . Likewise^he; use of ciieiiitry;ather than 
signal 'combiners; such as multiplexers, may be utilized according tothepreseni-in^ention, if 
desired. However, it shall be appreciated that the signal combiners>are utilized in the preferred 
; - ^ embodiment as signals -from the various^coffibined beams are provided to the demodulation Rx 
- ° simuitaheously, providing simultaneous communication throughout the beams of the sector, 
rather than-ii* time 'division mifliipife^cfess^<TDMA) format as . is tfhetoase. in the . use of a> 
^ typical multiplexer; Of course^ where TDMA sign^STC^mal?splcxihg hy "bthefcsehemes, such 
as^frequency division-multiple aiec^ss (FDMA), are^acceptahle, multiplexers,may replace the 
signal combined of thepreferr^embddiiiciettt, i- ^ >r* - h;ri^ u - - ■ U.. i^:^ r; V) . .... „ 
j .:•.:,<.. v :i ^ s 'Becausb the cell site fadi reverse, links, circuitry .providing 

' forward link s^eibrs^ discussed above mayalso be 

provided. For example,; where the transmit' path utilizes different cede channels per sector, the 
-cireuiti^4liustrdtedan FIGURE3B may be utilized to transmit these-forward path^channels 
within the same sectors as those of the reverse link illustrated in FIGURE 3 A. - 
: r:r it shall be appreciated { that the circuitry of FIGURE 3B is substantially the same as that 
' ^of FIGURE 3A. However, as : typical prior art transmit forward path radios generally have only 
one output per sector, all beams associated with a particular sector are coupled to this output. 
For example, the three sector outputs "of cell site Tx 370 illustrated in FIGURE 3B each include 
; combiners to provide an output signal* to sectors including the same number of beams as the 
- ' reverse link illustrated in FIGURE 3A. Specifically, combiners 361 and 362 provide signals to 
1 1 beams 1 and 2, and -3 and 4 respectively. Likewise, combiner 363 provides signals to beams 5 

through 12A ■< ' :< 
v- v it! shall he appreciated that such a system is advantageous V/here the users^pf a 
particular cell are more heavily concentrated withiri.a particutexiarea .^within .the cell rather than 
evenly distributed throughout. Such usage patterns may be experienced, for example, where a 
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„ cell is locatecfcto include a commuter highway; m L its ; radiation pattenu : or is located, on the edge 

. pf a metropolitan area. Such cells might experience heavy user densities ; in particular. areas as 
the user population commutes to and from work., ■ • ■■ ■ ; 

' It shall -be appreciated from the -above; discussion, that usage patterns which may 
advantageously be addressed by the present invention may change atyarious times of the day 
or week. For example, therpreviously described ; cell overlapping a commuter highway may see 
heavy utilization m a particular area during worker commuting times, and a more evenly 

- distributed^ utilization pattern ;at other times. Similarly, a cell placed at the edge of a s - 
rmfetropolitan -area may see heavy utilization in an area encompassing the .metropolitan area 
during working hours and heavy utilization in an. area outside the metropolitan area during 

.'noh-working hours. Therefore,, it becomes obvious that furthei; advantage may be ^ realized by 
the system of the present invention by providing means by whiph;the- sizable sectpre,may be 
dynamically ac^usted to. aecomm . - = :-r^r 

FIGURS 4 A ^illustrates a:preferred .emb^diment/pf intqtface ; pf signals frpm y the 
various beams: multi-beam rsystem into' a 1 demodulation 

sector/cell system of a preferred embodiment pftfee present inyem^ the system 

illustrated in FIGURE- 3 A described above^signat combin the input of 

.multiple beams into the Sector; inputadf a.emQdulatiQ^Rx 400 having -M -sectors. However, it 
■shall be appreciated that^ in-order tolprovidejfor the input of a signal.associated with an^ beam 
to any sector input, a signal combiner, illustrated as combiners 45^ 

450m,, and 450m 2 > is associated with each sector input ofrdempdulation $x 400.-; ^.iri /. 

Furthermore, in order tb provide a signal, at any conibinatipn of the above described 
combiners, and thus the associated sector input of demodulation^ 400 (i.e., providing the 
same signal at a plurality of sector inputs simultaneou5ly),':signals from the : N beams are 
provided to splitter/switch matrixes associated with each>eam; illustratedhere as 
splitter/switch matrix 410a, 410b, and 410n. It shall be appreciated that each splitter/switch 
matrix splits the signal of an associated beam so as to be available for switchable connection to 
any combination of the aforementioned combiners. For example, the signal associated,:jyith 
beam 1 may be split M ways (so as to be available for input to signaling/scan Rx inputs, : 
associated with eaehfof the M sectors) and be switchably. ponnected tp any-cprnbination of 
cdmbiriers^by splitter/switch matrix4*10e;- v ;"s;z-.>t:/2. / . .rr< :;v;r«; \ i* ;o -z.itr V ; 
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Of course, the function of the -disclosed splitter/switch matrixes may fee accomplished 
■ by utilizing a separate splitter in combination with a switch matrix havingrthevproper number 
of inputs and. outputs to provide for the switching of a signal associated with^a.b<eam;to r any 
combination of combiners. Moreover, signal simplification circuitry may be included in, or in 
addition to, the splitter circuitry of the preferred embodiment to provide a split signal having an 

r * acceptable magnitude. Such signal amplification maybe provided an order to present each 
signal component of the original signal at a powenlevel-, or magnitude, substantially the same 
as the signal prior to its being split. Likewise, such signal amplification may be^to present a 
split signal having a sufficient power level, or magnitude, to provide an acceptable signal to 
noise ratio. Where the original si glial is split to provider large number of split signal: 
componehtsj such amplification may be necessary in order to provide a signal having an 
^cbeptable signal tb noise ratio to 'tHe~inpiits of demodulation Rx 400 . ' 

Of course, where it is not desired to provide the signal associated with a particular 
beanvto mate than one signal eombme^, tiius its associated sector input, the.splitter/switch 
'matrices of the pteserit invention may b^ if desired. 

* Hdwfeve^/ it fchail lie 'Understood that omission of signal splitting, or ;a similar method of 
provisib^ at the costjof tfce ability to 

^ptdvi&i bverlipping cbver&ge by the } various ssctofts as is discussed hereinbelow^^ > 

- 1 Additioilally, where it is notdesired tQ allbw-for the input of a-signal associated with 
each beam of the system to all sector inputs of the demodulation Rx^ the number of outputs of 
the splitter/switch matrixes; as well as their associated combiner inputs- may be less than the 
total number of beams. HoWevef, ( it ! shall be appreciated that such a system is limited in ability 
to size a sector as the sector size is a-functi^ni of the beam width and in the preferred 
embodiment of the mimbef of BeWms combined into a sector input. 

By properly adjusting th r e splitter/switch matrixes of the preferred embodiment of the 
present invention, various predetermined sector sizesmay be realized. For example, the 

' aforementioned combination of two v 60° sectors and a single 240° sector may be realized in the 
following manner. By adjusting splitter/switch matrix 410a, the signal of beam 1 may be 
: pr6vided exclusively to combiner 45 0a ( associated with a first input of sector 1. Likewise, by 
Hdjuitmg ^ : itter/switch , matrix 41 Ob, the signalof beam 2. may che provided} exclusively to 
coi6bmdf : 4^a^s6&i^ed 'StfftfiP a' seconcl inputcofrsector J t B^inuJ^lj^aiiiustkig; asecpnd 
pair of splitf^ the ellipsis between - . 
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splitter/switch 'matrixes 410b and 4i0n) s ias5p;ciated with a third and fourth beam (not shown, 
but represented by the ellipsis between beams 2, and N),.£ second 60° sector may be defined. 
Similarly ^adjusting an additional eight splitter/switch matrixes, associated with a remaining 
eight beams of a twelve beam system; such; ; as that illustrated in FIGURE 2, a third 240° sector 
may be defined. However,' in this .third sector, it shall be appreciated that adjusting of the 
remaining eight splitter/switch matrixes results in a combination of four beam signals switched 
to each of the two coriibiners:associated witfet the, third sector^ illustrated here as combiners 
450mi^and 450m 2 ^--^ -r ^ - . - ■ .. v • r ^-r,:. 

* -7 > It shall be appreciated that the aforementioned arrangement has established a system 
wherein two 60° sectors and a single 240° .sector, as described above with reference to . 
FIGURE 3A. However, it shall be appreciated that the splitter/switch matrixes of the r , 
embodiment illustrated in FIGURE 4A, may be adjusted to provide sectors of sizes different 
than those described above.: K , ■ .a./ \ r.?:. f ../;ras:> r[ \7/ ~r \ v. 

< ; - Of course, selection: of the fsize .of &e; t various : ^ sectors o t f the present inyiention may be 
made r by manually adj usting the .splitter/sy/itch. matrixes. ; S jich manual ^djustinent may, be 
acceptable where; for examplejseetOT;sizesr^ eyeiy changed. ; Jfewever,, as r discussed 

above, it is envisioned that the: sectors :ofy the .presentanyention w advantageously, beadjusted 
depending on different utilizitiompatterns throughout ^y.giyen^day.or.^eek. Therefore, in a 
prefeiTed embodiment, a control signal- is provided to adjust splitter/switch matrixes 410a 
through 4i0n in order to dynamically select sector sizes. ; - - ; : ~> : T - r „ 

■ Referring to FIGURE 4A, a control signal-is prpvided f to each splitter/switch matrix by 

sector controller 460. It shall be understood thatralthough a single control interface 4s, , 
illustrated between all of the splitter/switch ,matrix : es, : each of these :Sp litter/switch matrixes 
may be controlled independently by controller 460... Qfxourse, <sectorxontroller 460 need not 
be a discrete component associated with the ceU site^ but mayvinstead be^an integral part of the 
cell's existing control circuitry. Moreover, sector controller 46Q ipay be includedi as a part of a 
centralized control system, utilized to control a network of neighboring cell sites, rather than 
being embodied within the particular cell site it is associated with. 

- » Sector controller 460 may comprise a processor-based system having; a processing unit 
(CPU) and memory "associated therewith- (RAM). The ,RAM rnayjh^^^^ l^^in^n 

r algorit^ 

invention to iwitchably iconhect the; signals q£ the various beam? ; to ; predetermined, ones of the 
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sector inputs at' various times of the day of week. Such an algorithm niay1*Wd on past or 
projected utilization patterns anci incorporate no information on the actual «on pattern of 

the cell. ■ - .. 

Alternatively, as utilization patterns are o'Aen unpredictable and subject to change 

unexpectedly, in a preferred embodiment," sector controller 4o0 includes current utilization 

information, such as may be determined by controller 460 or may be provided by the cell's 
' existing control circuitry. This current utilization information may include such informal as 
r ihe number of users associated with particular sectors, the number of available channels; or 

other resources, of particular sectors, or the signal quality associated with particular Actors or 

particular users within the sectors. 

• — In addition; heams to" sector mapping can be accomplished based on measurements of 
the received power, transmitted power; or transmitted signal to interference ratio per beam or 
^■^:Y^'^&^^^^ each antenna beam may be spht, such as by 
sputters 470-1 mrough 470^, for p^sio^^a^bu^e measuring cireuitry, such as Rx 
power measurement cnxuitry 47^1 through W Accordingly, a power level, or other 

• be measured for each^cornmunicatioh channel atid/or beam. 
'HiusinfbrmatU may len be provided to sector controller 460 for use in beam to sector 

^mg according From an^ cornbination of the above discussed 

^r^mation, sector controller 460 rn^ay adjust me sphtter/switch matrixe^ 

invention tx, provide^temative sector sizing and thus increase the number of channels, or other 
; ' resources, available to a particular area within the cell, or improve signal quality assorted 
1 with a sector or user. 

'-^ Additionally, or in me^altemative, sector controller 460 may be provided with current 
utilization information from a centratized apparatus (not shown) controlling a plurality of 
neighboring cells! Such a centralized apparatus may be provided information from each of the 
neighboringcells in order to make decisions as to the allocation of the various resources of the 
system, such as the re-use of channels at neighboring cells, the handing off of users between 
the cells, and the sizing of sectors at neighboring cells to provide increased capacity or stgnal 
- quality Management of such a system within a noghborhood of cells is disclosed in the above 
; W UfcrSScoVe^aing ana commonly assigned tJ. S: Patent application entitled^'^ffiTHOD 
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It shall be appreciated that, as discussed above, communication within a particular 
sector of a.cell of a cellular system is not only a function of other communications within that 
sector or even other sectors of that cell, but may also be affected by communications within 
neighboring cells. Therefore, an alternative embodiment of the present invention includes 
means by which to adjust the sector's effective outboard reach or length, as referenced in the 
direction, of propagation of the radiation. It shall be appreciated that reduction of the, 
longitudinal size of the sector thereby decreases the amount of interference sent into adjacent 
cells as communication devices operating within the adjusted sector are limited in the distance 
from the center of the cell that they may operate. As a result, the adjacent cells may open up 
their sectors into larger areas to serve more customers. Thus, a system of cells utilizing the 
present invention may be used to provide increased signal quality as well as increased capacity 
without increasing the number channels available at each cell. 

The above mentioned sector outboarcl. shaping may be accomplished by putting 
attenuators (not shown) in the signal path between an antenna element associated with a 
particular beam and the. signal's input into %hf signaling/scan Rx, such as between each output 
of splitter/switch matrix 410a and the associated inputs of combiners 450a t through 450m 2 . 
These attenuators may be controlled as described above with respect to the splitter/switch 
matrixes to attenuate a selected signal in order to accomplish a particular; control characteristic, 
i.e., force a hancipff of a particular mobile unit between sectors or cells. Such attenuators may 
be utilized to adjust the power of a transmitted signal prior to its input into the mobile Rx. 
Therefore, the mobile Rx may be convinced that a particular beam is providing a lower input 
signal strength than would otherwise be the case. As such, the mobile Rx can be artificially 
manipulated to either cause, an in. sector handoff or a handoff to another cell. Of course, these 
attenuators may be manually adjusted, rather than under control of an automated control 
system such as sector controller 460, if desired. Accordingly, the outboard reach of a particular 
beam may be substantially permanently selected or seasonally selected in order to provide a 
desired service area. 

In order to provide for sector shaping in the forward path, i.e., where the transmit path 

utilizes different code channels per sector, switchable circuitry is preferably also disposed in 

- ■ • ■ -. 

the transmit signal path. Directing attention to. FIGURE 4B, a preferred embodiment of the 

; j.m v:- \,:.^- s x \^-;\ s ■ . . o • .;. . ■ •> t y..i, \i:sjhyi^u~c" Lso. "a !..£?>-;: 

switchable- circuitry, in the,transmit^atbjs.sh^ sector outputs of the cell site 

i \ :. ■; Ti.-'/i j.. : . r ~A ? '**• . / ' J < ..i { ?i y/. *•• <V i , ; \"T ••; ^ \. „ 

Tx, such as that illustrated in FIGURE 3B, are input into switch matrix 480. Switch matrix 
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480 is adapted with a suitable number of inputs arid outputs in order to be'able to switchably 
provide any combination of the sector signals, to- any of the antenna, beams. In a preferred 
embodiment, switch matrix 480 is a 3 x 12 switdtf'mafrix. Of course; any 'feorhBination of 
"inputs and outputs switchable for providing the' desired number of transmit Signals to the 
desired number of antennas may be used. Mbreove^ discrete switch* matrices 'associated with 
the sector transmit signals or antenna beams riiay be utiKk^d, rather J than the single switch 
matrix illustrated, if desired. " " : ' ' ' ' ~" 

It shall b'e appreciated that switch matrix 480 is coupled to acontrblleiyin ofderto 
properly map the transmit signals of each of the dell site Txtb the desired B^anis:' Preferably, 
* sector controller 460 is utilized to control switch matrix 480, is this controller ma^ be 
economically utilized to control both the receive sector and transmit sector sizes utilizing much 
of the same infonhation. Of courserseparate cdntfollfers, or contrbllers operating substantially 
independently, maybe utilized "in tHe" irahismit 'arid receive signal paths y if desired. 

As discussed above, it may fee desira^^ of the transmit signal 

"to the mofeile in order to effect "the outboard E reac£%f the cell sife'with^^pe^^^ 
signal or in a particular beam. Accordingly, att^ulators, ^cfrasrth^e tii^cussedf abbve with 
reject to tke receive "signal paffi, iriay t56 placetfiri {tie 1 fiShsifiltsigii'df path. Directing 
attention again to FIGURE 4B, a preferred eriibodii^bnt of ^teri disposed in the transmit 

signal path are illustrated as attenuators 484-1 thrdugh 484-12. As with the attenuators of the 
receive path, attenuators 484-1 through 484-12 may b ; e controlled by sec^oi^cbritrdllef^O. 
Therefore, in a prbferi-ed einbodimerit, transmit signal splitters, such as splitters 481-1 through 
481-112, are used to split a transmit signal associated with each beam for provision to a 
measurement circuit, such as iSc measurement circuits 482-1 through 482-12. Tx measurement 
circuits 482-1 through 482-12 may iriake siidh measurements as a total amount of energy 
associated with a particular beam or a particular signal to be transmitted by a particular beam. 
This information may be utilized by a controller adapted to control attenuators 484-1 through 
484-12, such as sector controller 460, in order to attenuate a signal to be transmitted by a 
particular beam. Such adjustments may be added so ks to result in a selected mobile r receiving 
a lower power signal from the cell site than would otherwise be transmitted and, thus,- fool the 
" mobile' into requesting ahandoff. Accordingly, the present indention 
handoff of a particuikrmobile that may be ade^uatfcl^ serviced by 1 a£n i : adjacerit% 1 ector or cell in 
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order tofree^up capacity for another rnobile unable to adequately communicate with pother 
sector or .cell.-, ,.. . . ^ 

■ f; ,Qf course, rather than the attemiatprs in the transmit signal path operating under control 
of sector contrqller .460, they .mayxegeive control signals from other sources as discussed 
above. Likewise, these attenuators may. be manually adjusted to provide desired cell coverage 
substantially permanently or adjusted periodically, such as seasonally. 

As typical prior art transmit forward path radios generally have only one output per 
sector,, $ preferred, embodiment of the present invention utilizes delays introduced in the 
tr^smit signal ; path. Directing attention to FIGURE 4B, a preferred embodiment of delays 
disposed. in the transmit signal path are illustrated as delays 483-2 through 483-12. These 
delays may be any. form : of signal delay device, ?uch as .surface acoustic wave device (SAW), a 
predetermined lengthiof cable, , a digital signal processor (DSP), or the like. , t . 

According to J a.preferxed (m^odimem^ invention, a transmit signal : 

associated with,a : parti^ appearing in a signal sector signal prom the cell 

; site Tx, is provided to at least <two antenna bear[is^to provide for transmit diversity, in addition 
to.the.adjustable sector sizing, of the : pjeser|t invention. In order to provkie an ^ 
likelihood of the, split sector. transmit signal, as transmitted wthin the two or more antenna 
, beams, will not: be substantiallycprrelated, a delay is introduced.in af r least one of the split 
signal paths. It As anticipated, that the antenna beams associated with a particular sector will 
typically ; be adjacent, so . as to define a contiguous r sector. Therefore, the delays of the present . 
invention are preferably disposed in alternating.. ones of the transmit signal paths, as illustrated 
in FIGURE 4B. Accordingly, signals radiajed within .adjacent beams will be proyided with 
signal diversity in addition to the angular diversity. provided by the different views of the 
beams. Of course, where a sector is defined to utilize more than ^two beams, the signals of 
alternating ones of the beams will be provided, with an identical delay. However, this is not 
anticipated to effect the desired diversity adversely as Jive angular diversity of alternating ones 
of the beams is acute enough to provide sufficient signal diversity. Of course, each beam, or 
subsets thereof, may be provided with different amounts of delay in the transmit signal path, if 

desired. ... . r v -.. ... ,*, v . k - 

. . : , . v An alternative, embodiment c>£the introduction of various delays in the transmit ^signal 
path is illustrated in~EIGURE-4C, Here a portion of Ae shownin 
FIGURE 4B is shown utilizing switches 485-1 through 485-12 and 486-1 through 486-12 to 
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selectively switch delays 483-1 through 4S3A2in or out of their respective*ignal paths. 

• : Accordingly/anarbitraryWangement ^delays in the transmit signal path* preferably selected 
so as to result in substantially uncorrected signals, may be dynamically sdlec^oSwatches 
485-1 through485-12 and 486-1 through 486- V2 may operate under control of sector controller 
460, or another control system, in order to selectively ^tch into the various transmit signal 
paths an amount of delay to result in substantially ^correlated signals when received by 

• inbbiles operating witfiin the cell. 

>>■ ^ It shall be appreciated that the alternative embodimehtbf FIC5URE ; 4G.mayindude 
selectable delays in addition to the single delay for each signal path shown. : Accordingly, 
various delay amounts might be selected for beams assigned* a particular sector, for example. 
' Moreover, Helays^i thrBugh 483*2 may each be selected to introduce a different amount 
of delay? if desired.' 

~< * directing attention ^fkm^^^m^^^^ni of the present invention is 
« illustrated ^ic^vii^^i^'^^^^ demodulation Rx 400. It shall 
^appreciated that ^ embodiment dc^ ri6t^utilize,combmers 450a, thrbugh.-450m, : 

* ' Because ottly the^beams having the strongest receive-signai of interest are: switched to 
the ini>ut of demolfoiaiibii Wt^number of switch matri xes utiiizedin this embodiment 
is associated with the ritobet ^^n^M^noMa^^ 400 ratherthan dumber 
of beams as in the above described ernbodim.nt. Therefore, in order to provide signal from 
any beam to a selected secWinput of demodulation^^ signals from each of me N beams 
are provided to switch ir^s^socM^^ sector input; illustrated here as switch 
■ matrixes 610a, through 6l0nV It shall be-appreciated thaUhe use of such switch matrixes may 
be Mized to provide signals from any beam to-multiple sector inputs simultaneously and, 
thus, provide overlapping coverage t»jf the various sectors as is discussed hereinbelow. 
Moreover, this arrangement ^switch matrixes may be utilized in the transmit signal path (not 
show) to provide the sector beam mapping of the present invention by coupling switch 
matrixes between the outputs of the cell site Tx and the multiple antenna beams. Of course, to 
- provide the desired transmit signal diversity, delays may be disposed in the .signal path. 
Preferably; such delays are provided in alternating ones of the signal paths between the swrtch 
* ^mtrixes anWme ; antenhasassociated witlveach of the beams, i.e,, between switch 61 Oa, and 
^'b^ariis^^ 1 -'^ ^■■■^^■-^■-^'^■-^'--^ ' v:;v - ;;!,: 7C - ' : 
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As irt^the embodiment discussed above, the switch matrixes of this embodiment are 
controlled^- a control signal provided each switch matrix by sector controller 46Q. . It shall be 
understood; that*, although a single. epntrpl interface is illustrated between all of the switch 
matrixes^ that each of these switch matrixes is controlled independently by controller 460. Of 
course, sector controller 46,0. need-not be a discrete -component associated y/ith the cell site, but 
may instead be an integral part of the cell's existing control circuitry . Moreover, sector . 
controller 460 may be included as a part of a centralized control system, utilized to control a 
network of neighboring! dell sites, rathei; than being embodied. within the. particular cell site it is 
associated with.r - : . . >,yA-. \ : : . 

-\r : Asjwith the above discussed embodiment, sector contfpUer 460 ipa^ comprise a CPU 
and RAM to control the sectors according to the.pre.sent invention, suph as through the use of 
an algorithm basing switching decisions on past or projected utilization patterns or ai? ^ u : 
algorithm basing such depisionsion cup^nt utilization^ this cell or a 

. neighborhood^ cdlsv .C 4 60 or 

may be provided fry the ceirs, existing ^eqntroUifcuitry. Sector con^c^l^460 may alsp |>e 
. provided: with cun^nt utilization infoi^atipn.frpm ax^ntrali^^^ 

. controlling:a plurality of neighbpring.cf lis. r 4s,djsc^^ Jhis current ; f 

utilization informatidn may-includes^ iiun^bpr of u^qrs associated \yith 

particular sectors :or cells, the nuniber of available 9hannels,,or other resources, of particular 
sectors or. cells, or the signal quality associated, with ^ p^icul^ s^ctQi?,. cells or users, .„ 
It shall be appreciated that, as discussgd^ a particular 

sector of a cell of a cellular system is not only a function of ^othpr communications within that 
sector or even other sectors of that cell, but may.als^ v be f |iffecte^ communications within 
neighboring cells. Therefore, this, embodiment ofthe pr^es^t invention includes means by 
which to adjust the sector's effective outboard reach or length, as referenced in the direction of 
propagation of the radiation. It shall be appreciated , that reduction of the longitudinal size of 
the sector thereby decreases the amount of interference sent into adjacent cells as 
communication devices operating within the adjusted sector are limited in tjie distance from the 
center of thocell that they may operate. As a result, the adjacent cells inay. ppep. U£ t th?i*; : 

; sectors into larger areas to ser^e more customers,: Thus, a system ptc.ell?. utiHzing^the^ 
invention may be used to provide increased signal quality as well as increased capacity without 
increasing the number channels available at each cell. 
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The above mentioned sector outboard shaping in the receive link is : prbferably 
accomplished through adjusting attenuators 6 50a, 'through 650m 2 provided ® the signal paths 
between' the switbh matrixes and the demodulation Rxinputs. These attenugtbrk may be 
utilized to adjiist the power of a trknsmitted signal prior to its input into the demodulation Rx. 
J As 'described above with respect to the switch matrixes,- each of the attenuators may be 
individually controlled by t'ontroller 460. Therefore, the cell sile may be convinced that a 
particular signal is being received at a lower strength than 1 wtmld be-received otherwise. As 
stfch, the cell site dan be artificially manipulated to either cause ari iri-sector haridbff of a 
handoff to another "cell; : -" 1 <-^ ; .r; 

The above mentioned sector outboard shaping in the transmit link is preferably - 
accomplished through adjusting attenuators or signal gain devices, such as attenuators 650a, 
■ ^dugh 656m 2 ; provided in the signal paths between the switch matrixes and the mobile Rx. 
TTiese srttenuato&fca^ transmitted signal prior to its 

trkiismissidn to the mobile Ex/ As describee! above WitE fespfe'etlo^ the Switch matrixes, each of 
the attenuators may be* individually co mobile Rx 

iiiayTeceive 'a 1 signal at a Ibw^r stTengtfi than Would be fee mobile 
Rk cah be i^fE&dri^^ handoff to another 

cell. • .-.y -.f 2 r '': \ :-v-; {< 

* It shall be appreciated," Ulthough outboard shaping may be accomplished through the 
iisfexJf attenuators with either of the above described embodiments, that the alternative-' 
embodiment iilustfkted in FIGURE 6 utilizes a number of such attenuators equal to the sector 
*ihpmtsTof Semociulatidri Rbt 400/ Such an arrangement of attenuators allows the sector 
controller to adjust a signal strength of the signal of interest independently at any or all of the 
sector inputs. 

However, in order to independently adjust a signal strength of the signal of interest 
independently at each of the sector inputs with the embodiment illustrated in FIGURE 4, the 
number bf attenuators must equal the number of beams times the number of sector inputs. This 
i s because if fewer attenuator's were used, such as by placing them between the 'beam signal 
"source and the splitter/switch Matrixes 410a through 41 On or between combiners 450aj through 
450m 2 and the sector inputs, the signal strength for multiple sector inputs or for multiple beams 
woufd be 'adjusted fatKer thah tH^ir beiiig independently idjiiste'd) The foMief^wbuld result in 
all signals received on a partibular bbahi b£ing adjusted similarly ^egardles^ input 
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it is to be4nput into. The latter would jes^tyiaalj signals input into a sector input being 

• adjustedsi^ilarly regardless of the be^m from whieh it opginated. 
r ; j,rr Jt shal} be appreciated thatattenuaticpn of ones of the various signals associated with the 
beams of the present invention effectively decreases _ ( the outboard, orjongitudinal, size of the 
sector including that^beam, thereby decreasing the size of the sector or cell. For example, 
increasing the amount of the attenuation of an attenuator associated with a particular beam, 
which translates into, a reduction in signal strength of that beam, vyhich beam'js signal, is routed 
te .a particular iriput port of the demodulation Rx results in the reduction of the range^pf this 
antenna beam of the system as seen at the input port of the demodulation Rx. In,the ..... 
aforementioned : eombination of two 60° sectors and a smgle 24Q° ): sector, for example, the 
signals on the two antenna beams forming the 60° sector could be r attenuated by a select 
amount and thus, reduce the range of this particular . sector ; of the cell to a predetermined length. 

: The above mentioned forced, ^-a^dpff -jqfj users, of a.p.^iqul^ sector/cell by attenuating 
the signal receiyediPr tr^mi^edvtp frq^4£e.i^e^ y/here the. handled off 

-user, or other useri;of thec.el^ might be caused by 

frequency, reuse interference or an ; ^ndesiraj^ npise r^tio., Jiandoff of a 

particular userxould^ abetter 
signal from another sector/cell. " 

i ■;- ..." Eon example, where there is interference as a result of using certain channels on the two 
beams; comprising the above discussed 60° sector, by utilizing attenuators in fee sign^J paths 
an effective reduction in the size of that specific sector couldbe accomplished. . A? A result of 
the reduced effective sector size, communication devices in, the sector, woujd be handed off to 
be serviced by an adjacent: sector or cell, thereby r^ducnng ,the. interference that this sector is 
causing other users. .. .. 

Recognizing that interruption in a signal, path may -be accomplished by an attenuator 
adjusted to provide impedance approaching infinity, or an open circuit, an alternative preferred 
embodiment of the present invention utilizes attenuators, exclusive of switch matrixes, as is 
illustrated in FIGURE .5. Of course, as previously discussed, attenuators can be utilized within 
the signal paths of the switches of FIGURES 4A, 4B or 6 to provide signal attenuation in 
addition to signal switcbing,-if : desired. ;c, ^ , —i, L , > : . or , . . 

■ 37 co-Referring to FIQIJRE: 5, it can be, sgep. th 7 at si^ls associated ^itli the. various beams 
are.provided .demodulation!^ 4G.0,through fhe signaLcombiners 450a, through 450rn 2 as in the 
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embodiment illustrated in FIGURE 4A. However, the splitter/switch matfetof fee previously 
discussedembodunent have ^been replaced with^ splitters 510a through 5 lOn.in/combination 
with attenuators 520a, through 520m 2 , 530a, through 530m 2 , and 540 ai through^ 5.40m 2 . Of 
course, the splitters and associate* attenuator sets.may be combined into a single apparatus, 
much like the splittef/switch matrixes of FIGURE 4A, if. desired. 

■ Referring again \o FIGURE 5, a control signatis provided* each attenuator by sector 
controller 460. It shall be appreciated, although a single control interface is illustrated between 
controller 460 arid the attenuators of this embodiment, to each,of thefattenuators-may .be 
independently adjusted by sector controller 460. As in the above described.embbdiment, sector 
controller 460 need not be a discrete component associated with the cell site, but may, instead 
be an integral part^of the cell's existing control circuitry. Similarly, sector controller 460-may 
* ^ be included^ part of a centralized ^ control system, utilized to control a networkrof • 

mmo n&eMm*i rather ma^ bemgetnbc«iied within the particular cell site it is- associated 

■* with". " - :j ' - ■-■^ " ' ' J ^'- : • ^- c> "' ■ ' i; ■' 

■rv-^-J ^previously m^ 
f R&M may have 's't6r*8d 'therem ^ari' algbritrim operable to cause; the CPU to adjust Jhe; attenuators 
of the present invention to increase their impedance to approach anfmity, toresultina 
> disccmHinuation ^^SSm^f^^ decreasenmpedance.to. result^ variously 
- ^anenuatea signapaths (Wcnirig")- It shall be appreciated that.such adjustment results in the 
-switching of the signals'** the vaiibus beams, at, various pawer,levels, to predetermined ones of 
; the sector inputs. Such switching may be at various times of the day or week as was the case in 

1 - 6 me afbrementi^ " - , " 

- Switcli^^cH^algSfiffim may becbasbd on past or projected utilization patterns 
~ ana incorporate** f-aio^^W^tHUiitilization pattern of the cell. Alternatively, in a 
preferred embodiment, sebtbr controller 460 includes current utilization information input such 
as may be determined by controller 460 or may be provided by the cell's existing control 
- circuitry This current utilization information may include such informations the number of 
^associated with particular seetors, the number.of available .channels, or other resources, of 
particular sectors,' 'and' the signafquality associated with particular sectors or particular,^ 
V* w-lmm the mo^om^^rrhMo^tct controller 460 m*y adjust the attenuators of 

■■ signal pa m- a ssociatetfwit*a^ ' • 
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increasing/reducing the effective longitudinal size of beams of a .particular sector, and thus 
increase, the :number of channels, or other resources, available to a particular area. witMn the 
cell v dr.iroprove signal quality associated with a se,ctor or user. , 

•- r '.Additionally, or in- the alternative, sector controller 460 may be provided with current 
utilization information of a .plurality- of nei ghboring •cells i from a. centralized apparatus as 
described above. Such a centralized apparatus may be provided information from each of the 
. neighboring cells in ordento make decisions as to the allocation of the various resources of the 
system, such as dhe- refuse of channels at neighboring cells, ; the. handing off of users, between 
the. cells, and the sizing of sectors at neighboring cells to provide increased capacity s qr signal 

..quality. ' ■'- ■ - ' x 

It shall be appreciated that, although the use of two 60° and one 240° sectorjias been 
discussed in the above examples, such- sector, sizing is, purely -in the- way ,qf f .example. and is in 
no way intended to be a limitation of ihe;pj^sip^y^tion.. ;; .A#y numbeno.f beams-may, be 
composited into sectors according to the present invention. For example, the present invention 
cbuld:b& utilized to .provide asingle-6Q°; sector concurrent with two ( 1^0° sectors. Likewise, 
the present .invention is equally- suited to prxwide.-^jnog^Mus^^orjSy .such as toe,thx§e 120° 

sectors of the prior art systems, \s •,' as.rtbsqrnj :. : >:1; sa^araa. o.- ocLt.^v-i. ; <i.<.-n:-~': 

- :t -• Additionally,- it is also; possible, according, t£ the presentinyention, to. provide, all of the 
beams to each.sector input to essentially provide an qrnni cell. site, -For example, in the.twelve 
beam' system described herein, signals from all twelyej>eams would.be provided to inputs 
associated with each sector" of the demodulation ^Likewise, alLb.eams .could.be ; associated 
with the transmit sector signals of cell site Tx. Here, instead of having. 120 ° per sectop as in 
the prior art, each sector covers a full 360°,. or, using the above described. two input 
demodulation Rx, 180° per each sector input For example, using every other beam for input 
number 1 and every other beam for input number 2 associated .with a first sector, this first 
sector now covers a full 360° about the cell site. Similarly, the two inputs associated with the 
remaining sectors may be provided signals from each beam. This results in each sector having 
360° azimuthal coverage in the back tune configuration and, therefore, each channel,, 
regardless of the sector, with which it is associated, being available, throughout .the.cell .„ 

Similarly, it is also possible to combine signals; frprn ;the. .same.beajns intp .seotor inputs 
• of two or more sectors to essentially proyjde:^verlapRing.;sectprs ; of various sizes. .For 
example, in the twelve-beam system described (herein, signals from six. of the beams could be 
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provided to inputs associated with the first tW6 sectors of the demodulation^ Here, instead 
of having 120° per sector as in the prior art, eath sector covers 180 = ; the first -aria-second 
sector providing 180° overlapping coverage and the third sector providing^cbvefage for the 
remaining 180°. For example; using every other beam- of the first s^eWforinpiit number 
1 and the remaining bean* of this six for input number 2 associated with a first sector, this first 
Sector now covers 180° about the cell site.' Likewise, using eW&ther bearn of the first six 
beams for input number 1 and the remaining beams of this six for'ihput number 2 associated 
withV second sector; ihis second sector also covers the same 180° about thVcell site as the first 
sector toverige fof the remaining 180° "may be provided by using every other beam; of the 
lastsix beams forihpuTnumoer 1 and the remaining beams of this six for input number 2 
associated wim a mird sector. Such overlapping' sector configuration, pro**, the channels 
-Wsociated with each overlapping sector throughout^ area of overlap; ' ; 

- ^^m^^^wMri^m^^^ been aiscussed wife resiiect t0 ^ 

two inputs associated with a particular sector ^fWaemodulatidn^, it sMffbe appreciated 
• thaftfie present invention is nbf limited tb subh an'arratfgemefft; Signal xroni'aajacent beams 
* Vriay be iorr^inec byia^ corner me ^ame mput df a sector input pair accordmg to the 



may 

present invention 



; ^ of a sector iiut pair is preferred so asto provide a better quality signal by increasmg^ignal 
- diversity between the signals input to eath input of the sector input pair. Thxbugh the angular 
diversity assdciated with-the collocated beam sources disposed to "see" differentwave fronts, 
'-^acent team signals provided* alternate 5 inputs of a sector input pair may provide signal 

' yv^ity^hereadjacenfbe^ 
W For example, where idommunicatioil device is located such that its signal is received 
only within two actfacent beaihs of a four beam sector, provision of these two adjacent beam 
signals to a single sector input would not provide signal diversity whereas alternating input of 
adjacent beams to the sector input pair of the demodulation Rx would provide signal diversrty. 
Furthermore, it shall be appreciated that, although a three sector system has been 
-•discussed; the present invention is nbt limited to the provision of three sectors. The present 
j ^nvention^^ 

two sectors rather than the three discussed: Similarly,'^ present invention^ -provide a 
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number of sectors in excess of the. three, sectors described in a preferred embodiment, such as is 
represented. by the M sectors of demodulation Rx 400. 

•, , f>H SimUarl : y^it shall be understood that the present invention is not limited to the 
provision of two/.signals per sector mput. By using various arrangements of the 
aforementioned switch. matrixes an^/or attenuators in combination with signal combiners (if 
needed), thepresent inyention f may provide a number of signals associated with particular 
beams to any number of sector inputs. 

Furthermore,, it shall be understood that the present inventipn is not limited to t 
utilizatioi^of a twelve beam system as described herein. Any numjber of beams may be utilized 
to provide the dynamically sizable sectors of the present invention. Of course, where the 

..number of beams utilized indifferent than discussed above, the individual .beam width may be 
greater or less than the 30°,beam width.used in tbe above examples. Therefore, it shall be 
appreciated that use of a different iu^be^^ minimum sector 

v width..^..&re§i*lt of eomW^ng^sj^^e^nis. TP? ^^.. ...r. ,.. , ; r 

Moreover* ; it shall b^^appreciatedth^t the i*se of equally sized beams is not a limitation 

^ of the present rinyention, -Bea^^ot.diffpKn_t ^imuthal .widtl\ m^y be utUized toproyide the 
dynamically sizable sectors of the present invention. For example, where a particular area 
within a pell -i& likely to, be utilized by pnl^ limit?^n^be|r of iisers, ft such as where the cell 

/ overlays a mountainous region causing signal ,sh^dows : or where the cell includes other areas of 
limited juser access, i.e..,. an ocean,. a few beams:jiiay be sized to substantially coyer ttos.area so 
as not to : necessitate the provision of a number of begins for a very few possible users. . ^ 

Although the present invention for antenna deployment, sector cell shaping has been 
described above with regard to beam switching, jt,shoul(J be appreciated by those of skill in the 
art that the invention is not so limited. For ^xairipl^,. in. the embodiments shown in FIpURES 
7 A and 7B, adaptive array circuitry is used to provide the desired radiation patterns. The 
relative phase of signal components of the sector, signals as provided to antenna elements of a 
cell site antenna array, may be adjusted to increase or decrease the azimuthal width of a sector 
of a multi-sectored cell according to the present invention. Similarly, the relative amplitude of 
signal components of the sector signals as pro vided to antenna elements of a pell site antenna 
array may be adjusted to change a. sector's effective outboar^ reach. qr lgqgth as r^erenced in 
the direction p f propagation of, the r radiation. ,.Xhe r des^ of 
the sector. signals may be- accomplished ^according to, communication parameters such as 
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information indicating the* quality .of the 'communication channel on a particular sector of group 
of sectors or the number of calls serviced iri particular sectors, - : v 1 )r> . . . 

Thus, in the forward link block diagram of a communication-system*!^ 
array amplitude arici/or phase 'adjusting means^s i ¥hto'^' : in : PIGUI^7A/si^alS' l -T, 2, . . N are 
* received by adaptive array circuitry 701 from N cfiarihels'. -The adaptive array circuitry 701 
may comprise 1* Txswitdfr circuitry 702 and a Tx weight circuitry 703. The Tx weight 
circuitry 703 may include phase'adjusting circuitry (not shown)/ sucK as phase adjusters, 
adjustable ph&se shifters, I/Q modulators, Surface Acoustic Wave {SAW) /devices, PIN diode 
circuits, transmission line phaSe shifters, 6r the like. The Tx weight drcuitiy ma^ also -include 
amplitude' adjusting circuitry (n r ot shown), such as adjustable attenuators, adjustable amplifiers, 
stepped attentiators, PIN df ode" switched attenuators, variable gain stages,' Or the like, and/or 
;f any other circuitry for suitably manijiuiatiiig signal components of signals as provided to 
ariteilria arrays 704k; 7D4b^.': :; J 704m top^ forming of the 

present' iiiventibri.* j The phase adjustiiig birBfiftry iA'ay^- us^ed^to adjust the relative ^phases of 
signal component^ df the' sector 'signals 5 as' ^^rovfde<f "t6^ antenna elements 'Sf ^antenna arrays 
704^70^^57 .^TO^ta 'io & sectofi 'I^^titid&idfthe various 

Actors "inay b% chakgid 'by : finafibail^ of the 

sigrlals in ^ fee^adajitive arr&y cirbui^/ v S'uch T ffiSnuaf i adjife acceptable where, for 

example, sector sizes are rarely,-if £v£r, changed. However; as discussed abovfe* it is o 
J ehvi^ibiibd that^he azimutha:! width and outboard* length of the Sectors in the >presefif invention 
will advantageously be adjusted depending on different utilization patterns through any given 
'Say 1 df Week. 'Therefore, control signal 70S may be provided by controller 707 to the Tx weight 
cifiiiiftry 703 tb adjust tfife relatiVe"ph^e^nd/6r amplitude of signal components of a sector 
signal as provicfedtd anf eruia elenieiits of ah antenna array. Thus, the sectors size may be 
dynamically adjusted by providing control signals to the Tx weight circuitry 703. 

Controller 707 receives communication parameters such as information indicating the 
. quality of the communication channel ih any particular sector or the number of calls received 
in particular sectors. Controller 707 may also receive similar information from other sectors 
and alsb other cell sites. Based on this information^ coktrollef 707 may calculate the desired 
phase^^ iiebesrsary t6 expand or reduce the width of asectQrand may produce' control 

signals 705, 706 that are fed to Tx switch circuitry 702 and Tx weight ^circuitry 703^ Thus, Tx 
switch circuitry 702 may be used to switch particular signals to the desired inputs of Tx weight 
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circuitry 7G&fe>r adjustment by the ampjityde and/or phase adjusting circuitry, or, any other 
circuitry of Tx weight circuitry 703. The adjusted signals are then fed to the ^ntenna. elements 
ofthe.fesgecti^erantenna arrays 704a, : 704b,.. 704m. . ( . 

* Thus, in this; alternative embodiment of the presejit invention, ip order to adjust the 
width of the sectors 5 the beams need not be switched from one sector tp ^another. Instead the 
azimuthal width of a sector may jbe ; adjusted by. changing the relative .phase of signal . 
components p_f a sector} signal as- provided to antenna elements o£a cell site. , ■ : , , ; 

r ■ It shalLbe'appreeiated that, as discussed above, communication, within a.particular 
sejetor of : a cell of a cellular system is nqt only a function of other communications within that 
: ; sector proven other sectors of that cell, but may also ; be affected by communications within 
neighboring cejls> Therefore, the sector's effectiye outboard reach : qr length, as referenced in 
the direction of propagation^. the radiation, m^y , alsp be^ac^usted^ Jljis may f bA aqcpnjijjjished 
by :ph^ging;th^relative^amplitude;Of^ a s^cjtor signal as provided, to 

•antenna .elements of^iantergiajai^ray >by { the:amplitucie : adjusting circuitry that may bejncluded 
in Tx weight- eircm s su9h.as > the,quali]ty f .of the : ; 

communicatipn channel in .any pa^Quto^sector re may bje-used ; to 

calculate.the desired amplitude adjusto Jthe.pffectiye 
outboard reach or length- pSany sector. K £on^ to,traj^niit the 

desired values to the Tx switch circuitry 702 and Tx weight, circuitry J03 Thus, the. conjroller 

.707 may= calculate the; relative amplitude, adjustments necessary ; to proyide the desired outboard 

reach or Jength. .; •'■* • ■ * . Jm \ ; - : s+ v ;h * v.*;,--* ;^ i-V, 

In order to provide for sector 
utilizes different code channels per sector, ^adaptive array circjuitry m^y also : be,disp(9$ed in 
the reverse signal path. Directing; attention to,FIGU^ T 7?s sector controller;, 707 is utilized to 
control adaptive array circuitry 701, as this controller may.be, qponomcally utilized to control 
both the receiver sector and transmit sector sizes utilizing much of the same communication 
parameters, such as information indicating the quality of the communication channel on a 
sector. Of course, separate controllers, or f controllers operating substantially independently 
may be utilized-in .the transmit and receive signal paths if desired. Thus, values fprxelatiye 
phase;.delays; and. amplitudes may, be provided ,b^ controller 707.,suj^tant^ the 
fonVard 'signal -paith, ^ 3 k • ' zl r r.h >SC ■"":/u;/i;i:. -[ov;.i* >:T o:> r v.:. t^ii. -V : f \ ■ : - 
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Although the present inventioh^djts advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 

■ without departing from the spirit and scope of thedrivention as defined by the appended claims. 
Moreover, the scope of the present application^ notintended to be limited to .the particular 
embodiments of the process, machine, manufacture, ,Q.ompQsition of matter, means, methods 
and.steps describe*! in the specification. As one of ordinary; skil! in the art will readily 

appreciate from the disclosure of the present invention, pjoce SS es ; .maebines, manufacture, 
compositions-of matter, means, methods, or steps, pres<^ly.«i^n & :Qr^efio>e developed 
that perform substantially the same function or achieve substantiate same results jhe 
corresponding embodiments described herein may be utilized according to the present 
invention. Accordingly, the -appended claims are intended to include within their scope such 

, - processes; machines,iilanufecture, compositions of matter, means, methods, or steps. 
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:3d-~ WHAT IS: CLAIMED IS : ;, 

. : A system for dynamically adjusting a sector size of a plurality of sectors of a 

.radiation pattern, the radiation pattern impacting a communication apparatus having a plurality 
of signal interfaces, said system comprising: \]< 

an antenna system 'providing said radiation pattern having said plurality of sectors, 
wherein each Sector has associated therewith a discrete sector signal, wherein said discrete 
sector signals ^e associated v^ith-particular signal interfaces, of ;said plurality.of signal - 
"interfaces' of 'Said communication apparatus; ^ * ^; ; - * 

- ^ sector shaping circuitry coupled to said antenna system providing adjustable forming of 
at least one sector of said plurality of sectors of said radiation pattern? and ■ ; . :\ 

a controller coupled to said sector shaping /circuitry adapted tOideteiTOine at least : one of 
forward and reverse traffic loads across said plurality of sectors, wherein said controller is 
operable to periodically alter forming of said at least one sector in response to determinations 
of said at least one of forward and reverse traffic loads. 

2. The system of claim 1 , wherein said sector shaping circuitry is part of an 
adaptive array providing adjustable phase progression of components of said sector signal of 
said at least one sector adjustable with said sector shaping circuitry. 

3. The system of claim 2, wherein a width of said at least one sector is at least in 
part defined as a function of a particular phase progression provided by said shaping circuitry. 

4. The system of claim 2, wherein an azimuthal orientation of said at least one 
sector is at least in part defined as a function of a particular phase progression provided by said 
shaping circuitry. 

5. The system of claim 2, wherein said sector shaping circuitry further provides 
adjustable weighting of said components of said sector signal, and wherein a width of said at 
least one sector is at least in part defined as a function of a weighting of said components of 
said sector signal provided by said shaping circuitry. 
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" 1 ' . 6.' The system of claim 2,' wherein said sector shaping circuitry further provides 
adjustable weighting of said components of said sector signal, and wherein an azimuthal 
orientation of said at least one sector is at least in part defined as a function of weighting of 
laid components of said sector signal provided by said shaping circuitry.' 

7. The system of claim 2, wherein said sector shaping circuitry further provides 
adjustable weighting of said components of said sector signal; and wherein a length of said at 
least one sector is at least in part defined as a function of weigfetmg of said components of said 
sector signal provided by said shaping circuitry. 

8. The system of claim 1, wherein said sector shaping circuitry is part of an 
ad^tive array providing relative amplitude adjustment of signal components of said sector 
signal of said at least one sector adjustable with said sector shaping circuitry. 



*~- ' '9; Title system of claim 8; wherein aiengtfi of saici at least one" sector is at least in 
pari deiiiied as a faction of a pafticular ampfitude progression pro\^6d by Said shaping 
circuitry. 

- j ~ ^ J xhe system of claim 8, wherein said relative amplitude adjustment of signal 
components is dependent in part on information regarding at least one of said forward and 
"reverse traffic load across said plurality of sectors. 

11. The system of claim 1 , wherein said controller comprises: 
~ v: means fbrVeceivirig from said commumcatibn apparatus information regarding a 
quality of commumcatibn oh communication channels within a frequency utilized by said 
plurality of sectors, wherein said quality of communication information is utilized by said 
controller in periodically altering said at least one sector. 



12 The system of claim 1, wherein said plurality of sectors utilize the same 
jfrequency.' 
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,13. ., The system of claim 12, wherein communication channels with said frequency 

are differentiated by a channel attribute. 

•„ \ :\:, rat \,. . '■. \ * : ■ ■ * 

14. The system of claim 13, wherein said channel attribute is selected from a group 
consisting of a code and a code delay. 

15. The system of claim 2, wherein said adjustable phase progression of. , 
cornppnents is dependent in part on information regarding at least one of said forward and 
reverse traffic load across said plurality of sectors. 

16. : The system of claim 1 , wherein ones of said plurality of sectors overlap, an 
amount of said sector overlap being a function of said adjustable forming of said at least one 
sector of said plurality of sectors. 

.17.. <t . The $ystem of claim,,!, wherein said periodically altering of forming of said at 
least one sector is also in response to external control signals provided to said controller. 

18. The system of claim 17, wherein said external control signals are provided by a 
centralized controller operating to control a plurality pf cooperating communication apparatus. 

19. The system of claim 1, wherein said traffic load information comprises data 
pertaining to the relative traffic loading among said plurality of sectors. 

20. The system of claim 1, wherein ones of said plurality of sectors overlap, said 
sector overlap being a function of a phase progression of components of said sector signals 
associated with said ones of said plurality of sectors. 

\ 1 i 

21. The system of claim 1, further comprising: 

means for storing phase delay values for signal components of ones of said sector 
signals, wherein said stored phase delay values are used to phase adjust said signal components 
of said ones of said sector signals. 



" \VO> 01/1547? :w ' f t'f Ajkb^6889 

■35 

22. The system of claim 1, further comprising: 

means for storing amplitude valued for signal components'of ones df said sector signals, 
wherein said : stdrei'd Amplitude values are used to^ampiitude adjust said si^if^cciiSi^onents of 
said ones of 1 said' sector signals. - '' : lJ * * * '" r '- n - <: ^~ :- : 

? 23. 0t A system for 'dynamically adjusting a sectorsize of a L plurality of-sectors of a 
radiation pattern, the radiation pattern associated with a^comniUnicatibn device having a 
plurality of signal interfaces, said system comprising: 

' means for providing said plurality of sectors composited to fofm'said radiation pattern, 
wherein ones of a plurality of signals are coupled to ones of said plurality of interfaces of said 
xcmihTmication device/ wherein a size of a sector of said plurality of sectors is at least in part 
defined as a- function of a ¥fcl£tive difference of at least one attribute of signal components of at 
least one of said plurality of signals coupled to a particular one of said plurality of interfaces; 

- - ^ rbeans for detehmmhg l *at least 'oti ^6f fBFWaiti* arid^rWerse traffic^ 16ads across- said 
plurality of sectors; atiS" "> ■ Jr '~ ,1 - ; r ^ ,rrao ° :r: > r - ■ - ;tl ' ; ' v » ~ Ur ; 3 ~ r^uo^ 
means controlled by said determining means for periodically altering said at least one 
atii%'tite^o]fones- o^saftfpfii^ 6ne of said plurality of 

signals coupled to bnes ofsmd'pl 1 ? •'*» 

24. The system of claim 23, wherein said at least one attribute is a phase. 

- 1 e - ;t : : 25 . 1 The system -of claim 23 , wherein said at least one attribute is an Amplitude ■ 

26. The system of claim 23, wherein said means for periodically altering is part of 
an adaptive array, wherenrsaid^rite comprises: 

means for adjusting phases of sigrialxomponefnts of ones of said plurality of sigiials 
coupled to ones of said plurality of interfaces.;' >: " ' ! < 

27. The system of claim 23, wherein said means for periodically altering is part of 
an adaptive array, wherein said means for periodically altering comprises: 

means for adjusting amplitudes of signal components of ones of said plurality of signals 
coupled to ones of said plurality of interfaces. 
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■ . r>::;^ e system of claim 23, -wherein said means for, determining, comprises: 
,/ '!.-■ £ R r P£? ??85-base<i controller providing a control signal to said means, few periodically 
altering, said control signal operable to cause said means for gerio.dically^altering -to..-, 
substantially automatically adjust an azimuthal width of ones of said plurality of sectors by 
adjusting a -phase of select ones of signal components of select ones pf said plurality of signals 
coupled to said ones : of said pljurality of interfaces. r - , - ; ( . 

t .'■2?jJ.^^vTb€ : systein of claim 28, wherein said control signal is;further operable to cause 
: said means T for periodically altering to substantially automatically adjust: .a length of ones of 
said plurality of sectors by adjusting an amplitude of select ones=of signal components : pf select 
ones of said plurality of signals coupled : to said ones of said plurality , of interfaces.^ s^ v f r r 5 r. 

:>r ( IO^t^v Tfee; .system pf : ela^28,r>Kherein said said 
control signal as a function of current communication traffic information. ^ * f .. • - z , ^ 

31. ; The system of clmmr2&tw^ 

provided to said processor-based controllegb^^ to control : a c 

plurality of communication devices. 

32. The system of claim 23, wherein a width of at least one of said sectors is in part 
defined as a fiinction of a particular phase progres^sipn provided by said means for periodically 
altering. 

33. The system of claim 23,* wherein ones .of ^^saidTplurality of sectors partially 
overlap, said sector overlap being a function .of a-phase progression of signal components of 
particular ones of said plurality of signals coupled to particular ones. of said plurality of 
interfaces. 
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34. The system of claim 23, wherein said plurality of sectors utilize the same 
frequency, and wherein communication channels Within said frequency are-differeritiated by a 
code. 

v ' 35. The system of clainv23, wherein saidWteimining means cdmprise's information 
provided by'a centralized controller operating to control ^plurality of cooperating 
cohirhiiriicatidn devices. ' * 

36. The system of blaim 35, wherein at least one of said plurality of cooperating 
cbminuriication devices is a Code Division Multiple Access (CDMA) communication device. 

x&iv m 27. 1 A System forproviding a plurality of variable size sectors in a radiation pattern 
including a plurality of sector radiation patterns, each sector radiation pattern providing a . 
discrete sector input signal suitable for input into a demodulation receiver having a plurality of 
inputs, each sector radiation 'patte&ralso prdtf&ng radi&tiW output signal, 

each of 'said ^sfectdr output signals associated With Ett least one of a plurality of signal outputs* 
frond a ] cell site transmitted h^vihg^ plurality bf outputs • whbrein at least one of said plurality 
of demodulatidii receiver input§ : a^ site transmitter outputs 

are associated with at least one sector of said plurality of sectors, said system comprising?" 

a plurality of sector input signal path control means for adaptively altering an attribute 
of signal components of ones of said sector input signals provided to select ones of said 
demodulation- receiver inputs, -wHerein ia sfectbr of said plurality 6f sectors is at least in part 
defined j as a* function of a relative diflSre^ at least one of said signal 

components of ones of said sector input signals; r " ^" 

a plurality of sector output signal path control means for adaptively altering an attribute 
of signal components of ones of said sector output signals, wherein a sector of said plurality of 
sectors is at least in part defined as a function of a relative difference of said attribute of at least 
one of said signal components of ones of said sector output signals; and 

control means for controlling said input signal path control means and said output 
signal path control means. 



38. The system of claim 37, wherein said attribute is a phase. 
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. . .. 39, ,- v ;:'iThe system of plaim 37, wherein. said attribute is an amplitude.. 

40. The system of claim 37, wherein an azimuthal size of each of said variable size 
sectors is a function of a phase differential of signal components of opes of said sector input 
signals provided to said at least one input of said demodulation receiver associated with. a 
particular sector, wherein said phase differential is provided by ones of said plurality of ^ector 
input signal path control means. 

41. - -; ; ,The system of claim 37, wherein an azimuthal size of each of said variable size 
sectors is a function of a phase differential of signal components of ones of said sector output 
signals, wherein said phase differential is provided by ( one$ pf.said .plurality of sectojr output 
signal ;path ¥ control means. :Or:u? d jss ^ra^Jiae; Tors&r- .os.;s*.'io {*.,\c'i>.Mj a *..tt;\orj 

sectors is ajfunction of an amplitude differptitial pf^signal OTmppnentis pf,ones,pf fS^d'jSec^or^. 
input sign^fe provided .to. said? at -le^t^ne- input of;s;u,d\de™ a 
particular; septor? wherein s^j^ as y provided^y.Qnes of said plurality^ pf 

sector inputy signal pathxontrol means. : ? f 1: ^c> v > , x ; ^ 

43": , ; The system of. claim 3;7, wherein a longitudinal size of each of said y^ri^le^size 
seqtors is a function of an amplitude differential of signal components of ones of s^d.,sector^ 
output signals, wherein said, amplitude differed ones : of said pliirali^qf 

sector output signal path control means. rV.nrrr- '^ad ; v Li : ■ '■' v. * ; v.*. .<-■, ;v 

44. The system of claim 37, wherein at least one of said plurality of sector signal 
input path control means and at least one of said plurality of sector signal.output path control 
means is part of an adaptive array. 
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t fk ^ .f . ; pi:. VJf,' V," { - - ■ - - 

45 * The system-of^laim 1 44, wherein said plurality of 'sector inpuf si glial path 
control mcmsnare operable for amplitude adjusting signal components of ottek^of £aid pltirality 
of sector input signals, wherein amplitude adjustment of said signal components of ones of said 
plurality of sector input signals is'operable to adjust a longitudinal size of at least a portion of a 
Variable sizesector of said^lurality of Variable size 'sectors. ' 1 

46. The system of claim 44, wherfeih said plurality of Sector output signal £>ath 
control means are operable for amplitude adjusting signal components of ones of said plurality 
of sector output signals; 'wherein amplitude adjustment of said signal components of ones of 
said plurality of sebtof output signals is operable fb adjust a longitudinal size of at least a 
. poTO6h ? of a variable size sector of said -plurality of variable size sectors. r 

-::4r:, The system of claim ^4)-^Mj^^m<i pliiMity of sector inpursigrial path 
control m^aiis^e -bi^iable^f6r ph&se ; a#ustiri^ 
sectci- input signals, Wherein phSse : adjusfeenf - l of'saiff signaPco 

plurality of sector input signals is operable to adjust an azimuthal width of at least a portion of 
a variable size cectorMsaidf lurality Wvm^ie^i^seetdrsi-^ ~ : ^ : - ^ - 

+4% + v The system of claim 44,"wherein said plurality of Sector output si^al path r: - 
control means are operable for phase adjusting signal components ozones : df said plurality of 
sector output signals, wherein phase adjustment of said signal components of ones of said 
plurality of sector output r ! signals is operable to adjust an azimuthal* size of at least a portion of a 
variable'kizdsectcro * " " ' 

49. The system of claim 37, wherein said control means substantially automatically 
controls said input signal path -control means and said output signal path control means to 
provide dynamic si±e adjustment of ones of satid plurality of variable size sectors. 
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50. The system of claim 49, wherein said control means operates to substantially 
autom^ticallyicontro] said input signal path cpntrol means and said output signal path control 
.means as ,a function, of communication- information determined by said system. 

5 1 ; ; . .The system of claim : 4p >: whprein said control means operates, to substantially 
automatically control said input signal ^path controlmeans and said output signal path control 
means as a function of a signal provided by a centralized controller operating to control a 
plurality of cooperating^ ■• 1 : i.?r . ..v- *■* * ■ 

- , 52. J}l rpethod for providing a yariable. size Rector in a radiation pattern, comprising 
of a plurality of sectors, using a transceiver apparatus having, a plurality ; o£pqrtsv wherein ones 
of said plurality of ports are each associated witl) a particular sector of said.plurality.ofiseQtprs, 
said method comprising the steps of: 

( : prpyiciing ^.adaptiyq.OT^ on^pf a f pbase arid an 

amplitude ,of signal components .o-f select ^pnes pf a pluralityipf sector signals; wherein aHeast 
one of said-.pnes of said .plurality of s^tpr signals is ^spp iatedwith^sa^c} variable size, sector; . 

and- y . , V *r. :v .- k,a:m;:rx rus withs m : ! c^ s o L.^rcgh T^c:c:i 'iMmz V. U vAc 

forming said variable sizg .sectpr^n <^ 
said ones of said plurality of sector signals is associated with at least one of said plurality of 
ports, of said transceiver apparatus, wherein said- at l§ast one pprt pf said transceiverapparatus 
is associated with said variable: size-sector. , ..-^^u^ . .=.:;»v-- ;--V . n <_ ;r * 

... -53. e TTiemethod of claim 52, fut^er : c^^ K . : ; v . 

determining at least one of forward and,r v ey r 5!$e '^afficJoads :i acrqss said plurality of 

sectors. 

54. The method of claim 53, wherein said automatic adjustment of said at least one 
of a phase and an amplitude of signal components of select pnes of said plurality of sector 
signals at least one of which is associated with said variable size sector is based on said 
determined traffic loads across said plurality of sectors. 
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55. The method of claim 52, wherein an azimuthal width of said variable size sector 
is determined in part by said phase adjustment of signal components of select ones of said 
plurality of sector signals. '.: J : 

56. The method of claim 55, wherein said variable size sector azimuthally overlaps 
another sector of said plurality of sectors, said overlapping a function of the relative phase 
adjustment of signal components of select ones of said plurality , of sector signals at least one of 
which is associated with said variable size sector and at least another one of which is associated 
with said another sector of said plurality of sectors. ,. 

57. The method of claim 52, wherein a length of said variable size sector is 
determined in part by said amplitude adjustment of signal components of select ones of said 
plurality of sector signals. 

5g The methcid of claim 57, wherein said variable size sector longitudinally 

overlaps another sector of another radiation pattern, said overlap being a function of the 
relative amplitude adjustment of signal components of select ones of said plurality of sector 
signals at least one of which ^.associated with said variable size sector and relative amplitude 
adjustment of signal components of select ones of another plurality of signals at least one of 
which is associated with another sector of another plurality of sectors of said another radiation 
pattern. 
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